Background {#Sec1}
==========

Vaginal delivery is the most important event occurring in women's life. It carries many risks of significant concerns to the physicians. Predicting the chances of vaginal delivery is of paramount concern for the pregnant woman and her relatives. Laboring women either go into labor spontaneously or undergo induction of labor. Rates of induction of labor have been rising globally, with rates of 26% annually reported in the United States \[[@CR1]\]. This required the development of a predictive method for a successful vaginal birth. The most common subjective method of evaluation of the cervix is the Bishop score. Dr. Edward Bishop developed this scoring system and recommended a score ≥ 9 \[[@CR2]\] as an indicator of successful induction, which decreased to a score of 6, according to the American College of Obstetrics and gynecology \[[@CR3]\]. Bishop score is a subjective method, while transvaginal cervical length measurement is more reliable than digital examination \[[@CR4]\]. Transvaginal ultrasound is a safe, accurate, and available tool in all obstetric units. It has an essential predictive as well as a diagnostic role in patients presenting in preterm birth \[[@CR5]\]. A significant number of researches predicted the outcome of induction of labor \[[@CR6]\], with few studies reporting the relationship of cervical length to the duration of labor. This study was conducted to evaluate the role of cervical length measurement in the prediction of successful vaginal birth and its relation to the duration of labor.

Methods {#Sec2}
=======

This was a prospective cohort study conducted at the labor and delivery ward of the obstetrics and gynecology department of Suez Canal university hospitals. The study included 162 laboring women who attended regular antenatal care and fulfilled the following inclusion and exclusion criteria. Inclusion criteria included singleton pregnancies with an uneventful antenatal course between 37+ 0 and 39+ 0 weeks of gestation. Exclusion criteria included: a) planned cesarean section delivery, b) women presenting in the active phase of labor, c) history of cervical insufficiency, d) history of previous cervical surgery (cone biopsy, large loop excision of the transformation zone (LLETZ), e) previous preterm births, f) women with severe obstetric and medical conditions, g) fetal growth restriction, and h) fetal abnormalities.

Women eligible for the study were asked to participate in this study after obtaining informed written consent. We illustrated the necessity of transvaginal ultrasound to them. Patients were evaluated for their demographic data, including age, parity, body mass index (BMI), occupation, and education level.

Ultrasound was performed using a Mindray DC- 60 machines with a transvaginal probe V 11-3B. A sagittal view of the cervix with no compression was obtained. The cervical length was measured from the internal to the external os with visualization of the entire cervical canal. Measurements were obtained in the antenatal period from 37 to 39 weeks gestation, with the bladder empty. The same investigator did the cervical length measurement for all cases. Three measurements were obtained for the cervical length, and the shortest one was considered in the analysis.

Women were asked to attend to the emergency ward with the start of painful uterine contractions. Upon admission to the labor ward, patients were evaluated for the following items; Gestational age at delivery,Whether the patient went into labor spontaneously or needed induction of labor,duration of the first stage of labor (latent phase **-**defined with the start of painful uterine contractions that are associated with cervical changes either effacement or dilatation up to 4 cm \[[@CR7]\] and its time was recorded from the time of admission- and active phase -- defined by the presence of regular painful contractions associated with progressive cervical dilatation from 4 cm \[[@CR7]\]),Duration of the second stage of labor, andThe mode of delivery at the end.

Induced labor was conducted according to the National Institute of Health and Clinical Excellence (NICE) guidelines using prostaglandin E2 tablets administered vaginally once every 6 h for a maximum of 2 doses. Failed induction was managed after patient counseling with either a further attempt to induce labor or CS delivery \[[@CR8]\].

Failure to progress during labor is defined as a cervical dilatation of less than 2 cm in 4 h for first labors and cervical dilatation of less than 2 cm in 4 h or a slowing in the progress of labor for second or subsequent labors. A delay in the second stage of labor is suspected if there were no changes in fetal head descend or rotation for 2 h in nulliparous women and for 1 h in multiparous women. Each situation was dealt with according to the NICE clinical guideline \[[@CR7]\].

The eligible women were asked to attend to the emergency and delivery ward at the onset of regular uterine contractions. The duration of the first stage of labor (latent phase and active phase) and the second stage of labor were recorded.

Statistical analysis {#Sec3}
--------------------

Data were statistically described in terms of mean and standard deviation, frequencies (number of cases), and percentages when appropriate. *P* values less than 0.05 were considered statistically significant. All statistical calculations were done using computer program SPSS (Statistical Package for the Social Science; SPSS Inc., Chicago, IL, USA) release 22 for Microsoft Windows. Parametric tests were used in variables with a normal distribution. Non-normally distributed data were tested using non- parametric tests. Pearson correlation coefficient was calculated between pairs of parametric quantitative variables, and Spearman was calculated for others. Significance was calculated and considered when the *p*-value was found to be less than 0.05.

For survival analysis, Cox regression modeling was done. Univariate modeling was followed by multivariate modeling for the univariate model's significant variables. The hazard ratio was calculated for each significant factor in the final model reached. A model was fitted with vaginal delivery is the outcome measure.

Results {#Sec4}
=======

A total of 162 patients \[66 (40.7%) nulliparous and 96 (59.3%) multiparous women\] were recruited. Some of them had pregnancy-induced disorders as gestational diabetes (1/66 in nulliparous and 5/96 in multiparous women) and gestational hypertension (4/66 in nulliparous and 2/96 in multiparous women) (Table [1](#Tab1){ref-type="table"}). Table 1Demographic data (162 patients)Nulli-parous\
66/162 (40.7%)Multi-parous\
96/162 (59.3%)***p***-value**Age (years)(Mean ± SD)**25 ± 3.628.8 ± 4.1***\< 0.001*BMI (kg/m**^**2**^**)(Mean ± SD)**27.5 ± 2.329 ± 3.4***0.04*Educational status (N %)None**0 (0%)6 (6.2%)***0.01*Middle**12 (18.2%)30 (31.3%)**High**54 (81.8%)60 (62.5%)**Cervical length (mm)(Mean ± SD)**43.3 ± 9.643.3 ± 6.70.50**Median**43.044.00.96

The mean gestational age at which delivery ensued was matched in nulliparous and multiparous women. The majority of the patients labored spontaneously (102 (63.0%) with no significant difference among nulliparous and multiparous women. The remaining ones required induction of labor due to different causes (obstetric cholestasis 3.7%, postdate gestation 14.8%, gestational diabetes 3.7%, oligohydramnios 3.7%, and premature rupture of membranes 3.7%). Successful vaginal delivery was achieved in 108/162 patients (66.7%) \[30 (45.5%) nulliparous and 78 (81.25%) multiparous women\] with an average duration of the different phases of labor (Table [2](#Tab2){ref-type="table"}). Table 2Obstetric outcomes of the studied populationNulli-parousMulti-parous***p***-value**Gestational age at labor (weeks)(mean ± SD)**39.5 ± 1.339.3 ± 0.90.48**Mode of deliveryCaesarean section (N %)**36 (54.5%)18 (18.8%)***\< 0.001*Normal vaginal delivery (N %)**30 (45.5%)78 (81.2%)**Onset of laborSpontaneous (N %)**36 (54.6%)66 (68.7%)0.07**Induced (N %)**30 (45.4%)30 (31.3%)**Duration of latent phase (hours)(mean ± SD)**6.4 ± 1.13.3 ± 2.5***\< 0.001*Duration of active phase (hours)(mean ± SD)**4.8 ± 1.93.6 ± 1.7***\< 0.001*Duration of second stage (minutes)(mean ± SD)**67.5 ± 40.127.5 ± 30***\< 0.001***

There were significant associations between cervical length and both onset of labor and mode of delivery in nulli- and multi-parous women (Chi-squared test *p*-value \< 0.001 for all) (Table [3](#Tab3){ref-type="table"}). Table 3Correlation between the cervical length and the obstetric outcomes (nulliparous and multiparous women)Nulli-paraMulti-paraρ*p*-valueρ*p*-value**Gestational age at delivery (weeks)**0.300.010.130.20**Duration of the first stageLatent phase (hours)**0.160.290.130.24**Active phase (hours)**0.020.870.070.50**Duration of the second stage (minutes)**0.040.810.190.09

The cervical length was significantly shorter among multiparous women who delivered vaginally than those delivered by cesarean section (CS) (*P*-value \< 0.001) (Table [4](#Tab4){ref-type="table"}). Table 4Cervical length, and mode of deliveryCervical length (mm)\
Mean ± SD***P*** value**Nulli-parousCaesarean section**44.8 ± 5.90.35**Normal vaginal delivery**42 ± 11.8**Multi-parousCaesarean section**45.2 ± 5.6***\< 0.001*Normal vaginal delivery**35 ± 4.2

Using logistic regression for the prediction of the mode of delivery, all factors (cervical length, BMI, the onset of labor, and parity) were significant in the univariate model as well as the multivariate one (Table [5](#Tab5){ref-type="table"}). Table 5Univariate and multivariate logistic regression for predicting mode of deliveryPredictorUnivariateMultivariateOR95% CI***P***- valueOR95% CI***P***- value**Cervical length**0.91(0.87--0.96)\< 0.0010.89(0.84--0.95)\< 0.001**BMI**1.16(1.04--1.29)0.0071.14(1.14--1.52)\< 0.001**Onset of spontaneous labor**3.25(1.64--6.43)0.0014.00(1.77--9.08)0.001**Parity**0.19(0.10--0.39)\< 0.0010.54(0.37--0.77)0.001

Multiple univariate survival Cox regression models were done to extract the significant factors affecting the duration of the active phase of labor for normal vaginal delivery. A hazard ratio (HR) \> 1 illustrates a shorter duration of labor, while an HR \< 1 illustrates a longer duration of labor. The Cox regression model for women who were to have vaginal delivery showed that higher BMI and labor induction were lengthening factors (HR 0.845 and 0.580, respectively) and higher parity was a shortening factor (HR 1.353) for the duration of the active phase till vaginal delivery (Fig. [1](#Fig1){ref-type="fig"}). Fig. 1The Cox regression model for women who were to have vaginal delivery

Discussion {#Sec5}
==========

The study revealed that the mean gestational age at the onset of labor was 39.4 ± 1.1 (39.5 ± 1.3 in nulliparous women and 39.3 ± 0.9 in multiparous ones). Also, the cervical length was correlated with the gestational age at delivery (positive correlation) in nulliparous women. This agreed with Donelan et al., who reported prolonged gestation in patients with elongated cervices \[[@CR9]\]. Additionally, another study said that cervical length predicted the delay in the onset of labor in women with long cervix significantly; however, they recruited patients in labor pain \[[@CR10]\]. They also reported a continued decrease in cervical length as gestation advances. This is explained by the antenatal changes occurring in the cervix and during labor to accomplish complete dilatation, although independent of its length \[[@CR11]\].

Induction of labor was required for about one- third of patients (45.45% nulliparous and 31.25% multiparous women), with 14.8% were due to postdate gestation. This was higher than the results reported previously, with 45% of induced labors in their studied population were due to postdate pregnancies \[[@CR1]\]. There was a significant association between the cervical length and the onset of labor. The vast majority of patients (66.7%) achieved a successful vaginal birth. CS was required in about one- third of the patients, which was higher than the reported results by El Mekkawi and his colleagues. The shorter cervical length (CL) in most of their studied population could explain this (CL \< 28 mm in 143 patients, 122 of them delivered vaginally with a *P*-value of 0.03) \[[@CR4]\], which favored successful vaginal birth.

Regarding the mode of delivery, the cervical length differed significantly in those who achieved a vaginal delivery than those who had a CS (*p*-value \< 0.001), especially in multiparous women which agreed with previous researches \[[@CR12], [@CR13]\]. Also, it was reported in another research that a cervical length (CL) \< 28 mm had 87.5% sensitivity, 86.3% specificity, 61.4% positive predictive value, and 96.5% negative predictive value for successful labor induction \[[@CR4]\]. Different studies claimed that the cervical length could predict successful labor induction \[[@CR14], [@CR15]\]. The cervical length replaces the effacement in the Bishop score, which increases the importance of the cervical length alone or when combined with other factors in the prediction of successful vaginal birth.

In the study performed by Lehner et al., they focused on the correlation between the cervical length and the duration of the first stage of labor. They mentioned that there was no correlation between the cervical length and the duration of labor, which might be reassuring to women with elongated cervices \[[@CR11]\]. This was following our findings.

The cervical length was highly predictive of vaginal birth (*P*-value \< 0.001), which was also documented by others \[[@CR1], [@CR16], [@CR17]\]. This contradicted what was reported by Giyahi et al., who declared that cervical length could not predict the mode of delivery either in univariate or multivariate models \[[@CR18]\]. The cervical length cannot be used as a predictor factor for CS alone; it should be combined with other known predictors, as reported by de Vries et al. \[[@CR12]\]

A higher BMI and labor induction were lengthening factors (HR 0.845 and 0.580, respectively), and higher parity was a shortening factor (HR 1.353) for the duration of the active phase till vaginal delivery. In a study conducted previously evaluating the effect of maternal weight on the duration of labor in nulliparous women only, the researchers reported that the duration of the active phase of labor was prolonged in overweight women. However, after adjustment for other confounders, the duration of the active labor did not differ significantly \[[@CR19]\]. Overall, conflicting results were reported regarding the effect of maternal BMI on the duration of the active phase of labor \[[@CR20], [@CR21]\]. Similar results were reported by a previous study, although they recruited women with cervical dilatation of 1 cm, which was considered as the latent phase in this study \[[@CR22]\].

Research implications {#Sec6}
---------------------

The focus on patients undergoing induction of labor would be a source of valuable results, although discussed in previous researches. The evaluation of the cervical length in women undergoing vaginal birth after cesarean (VBAC) needs to be evaluated to provide proper counseling.

Strengths and limitations of the study {#Sec7}
--------------------------------------

A larger sample size would be more informative. The analyses of subgroups of the studied population (nulliparous and multiparous women) empower the results. The small number of patients who had induction of labor in this study hindered proper analyses.

Conclusion {#Sec8}
==========

Antenatal cervical length measurement was found to predict the mode of delivery as well as the gestational age at which delivery ensued. It can be used in patients' counseling regarding the mode of delivery. Women would be informed that a successful vaginal birth would be anticipated in women with short cervices; however, the duration of labor would not be affected with elongated cervices.
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